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2. Beijing Electro-mechanical Engineering Institute, Beijing 100074, China)

Abstract: Ship targets are important objects for marine monitoring, and infrared imaging system has been
widely used in ship inspection systems due to its feature of working at the same time during the day and night.
However, infrared imaging systems will be easily affected by the release of smoke screens, which result in the
invalidation of ship detection systems. Therefore, timely and effective detection of the smoke interference area in
the infrared ship image is of great significance for accurate ship target detection. Aiming at the problem of
detecting the interference of smoke area from ships in infrared images, a smoke detection method based on the
fusion of saliency and dense optical flow was proposed in the paper. Because the smoke screen released by the
ship was obviously different from the background, the AC algorithm of multi-scale neighborhood filtering was

firstly used to detect the saliency area of the image, and the significant smoke screen area was extracted. Then, the
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movement characteristics of the smoke screen were used to compare the front and back frame of the image

sequences, and the frame dense optical flow was calculated to obtain the motion information of the image. By

setting the threshold to filter the obvious motion points, expand the motion point area, merge the split motion

areas, the motion smoke area was obtained. Finally, the saliency area and the motion area were fused, and the

final smoke screen area was obtained. The experimental results show that the method can effectively detect the

smoke screen area, and is able to adapt to the changes of the reflected light of smoke screens and the background

brightness variations.
Key words: infrared imaging;

dense optical flow
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Fig.l Flow chart of smoke screen detection
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Fig.2 Results of the saliency detection experiments
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Tab.1 Experimental comparison of image scaling

Scale down Time/ms P,
1 374.3 96.15%
1/4 47.7 94.74%
1/9 16.8 83.41%
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Fig.3 Results of the ablation experiments of the saliency detection and the optical flow method
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Fig.4 Detection results of different smoke detection algorithms
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Tab.2 Quantitative comparison of various algorithms

of smoke detection
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Py 85.26% 90.84% 85.96% 94.74%
Py 18.45% 13.09% 30.79% 8.47%

TR, A A Az shd e rp - ARl B A —
JE B8 25 KA SRR AL, 5 MR AR AE AR B (2) M A
M5, AR AL, OF LA B A O Ry BB,
X AR B R A5 I X AL A RE R - A 3, {HL2:
T B Ak B[] b 2 5 A TR THT 239 904 3 iR AL (3) A T
PP I BE 1492 A ) 00 5 DI, A A D A5 L
WU 2 3 PRI

4 RES5RE

Bt XL M A5 i SR T P A X
£ G0 1) AT, SC PP ORI AR e 19 8 3 1 L B s SRR,
$RH T T B E S M EOIR R R . B
T T LA S0k I i ORI A, X TR AR
A AR B M A D SR R, X T i e By —
FERIRLINEE ) o SO BIRT SN T J5 Se A T8
(0 SR 6 TAR A AN e . X Y
TT WEA 7 i BBUS T S A AR A AR, (EL
FURHEE | IR | D JBE 25 2 M 25 afl s AT SR o v i
JEM R IO IR 1 T — RPN PRI A5 R T AR
AT LA SRR RS SOMREHE | TR X SUAFAE, [F)
I AT A B ORI, i e AR A G 6, [
L AT LORE A FOMUIE S B R DN 25 SR e T Bl 2 0, LA
L 3 0 R 4 A L A BRI

SE Lk :

[11  Yu Lijing, Tang Libin, Yang Wenyun, et al. Research progress
of uncooled infrared detectors(Invited) [J]. Infrared and Laser
Engineering, 2021, 50(1): 20211013. (in Chinese)

[2] Dong Chao, Feng Junjian, Tian Lianfang, et al. Rapid ship
detection based on gradient texture features and multi-layer
perceptron [J]. Infrared and Laser Engineering, 2019, 48(10):
1026604. (in Chinese)

[3] Zhang Zhongyu, Jiao Shuhong. Infrared ship target detection
method based on multiple feature fusion [J]. Infrared and Laser
Engineering, 2015, 45(S): 29-34. (in Chinese)

[4] Xie P, Dong W F, Luo W. Research on the jamming effects of
smoke screen on target identification capability of photoelectric
guidance [J]. Laser & Infrared, 2018, 48(3): 374-378. (in
Chinese)

[5] Luo S, Jiang Y Z. State-of-art of video based smoke detection
algorithms [J]. Journal of Image and Graphics, 2013, 18(10):
1225-1236. (in Chinese)

20200496-7



ISk A2

29 www.irla.cn

% 50 A

[10]

[11]

[12]

Chen T H, Yin Y H, Huang S F, et al. The smoke detection for
early fire-alarming system based on video processing[C]/
International Conference on

Proceedings of Intelligent

Information Hiding and Multimedia Signal Processing.
Pasadena, USA: IEEE Computer Society, 2006: 427-430.
Krstinic D, Stipaniev D, Jakovevi T. Histogram- based smoke
segmentation in forest fire detection system [J]. Information
Technology and Control, 2009, 38(3): 237-244.

Yuan J. Method of active infrared smoke video detection based
on fusion texture feature[D]. Chengdu: University of Science
and Technology of China, 2015. (in Chinese)

Yuan F. Video-based smoke detection with histogram sequence
of LBP and LBPV pyramids [J]. Fire Safety Journal, 2011,
46(3): 132-139.

Yuan F, Zhang L, Xia X, et al. Deep smoke segmentation [J].
Neurocomputing, 2019, 357: 248-260.

Achanta R, Estrada F, Wils P, et al. Salient region detection and
segmentation[C]//Proceedings of the 6th International
Conference on Computer Vision Systems, 2008: 66-75.

Lucas B, Kanade T. An iterative image registration technique

[13]

[14]

[15]

[16]

[17]

20200496-8

with an application to stereo vision[C]//Proceedings of the 7th
International Joint Conference on Artificial Intelligence, 1981:
121-130.

Farneback. Two-frame motion estimation based on polynomial
expansion[C]//Proc of Scandinavian Conference on Image
Analysis, 2003: 363-373.

Hou X, Zhang L. Saliency detection: A spectral residual
approach[C]//IEEE Conference on Computer Vision & Pattern
Recognition, 2007: 1-8.

Achanta R, Hemami S, Estrada F, et al. Frequency-tuned salient
region detection[C]/IEEE International Conference on
Computer Vision and Pattern Recognition, 2009: 1597-1604.
JiaY, Lin G H, Wang J J, et al. Early video smoke segmentation
algorithm based on saliency detection and Gaussian mixture
model [J]. Computer Engineering, 2016, 42(3): 206-209.

Dai M, Gao P, Sha M Z, et al. Smoke detection in infrared
images based on superpixel segmentation[C]/MIPPR 2019:

Remote Sensing Image Processing, Geographic Information

Systems, and Other Applications, 2019, 11432: 1143213.


https://doi.org/10.1016/j.firesaf.2011.01.001
https://doi.org/10.1016/j.neucom.2019.05.011
https://doi.org/10.1016/j.firesaf.2011.01.001
https://doi.org/10.1016/j.neucom.2019.05.011
https://doi.org/10.1016/j.firesaf.2011.01.001
https://doi.org/10.1016/j.neucom.2019.05.011
https://doi.org/10.1016/j.firesaf.2011.01.001
https://doi.org/10.1016/j.neucom.2019.05.011

